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Abstract (Basic): JP 9188874 A 

Organic electroluminescence element (P) contains at least one 
organic compound layer containing quinoxaline type compound of formula 
(I): QnL (I) where Q = a pyrazinyl group formed by condensation of 0-2 
nitrogen atoms containing 6-member aromatic rings; n = 2 or 3; and L = 
n valency group; but when n is 2 and two Qs are quinoxalinyl groups, at 
least one Q is 2-quinoxalinyl group or 3-quinoxalinyl group. 
Preferably six-member aromatic rings constituting Q in formula (I) 
are benzene, pyridine, pyrimidine, or pyridazine rings. The L in the 
formula (I) is an arenediyl or arenenetriyl group, nitrogen atom, or 
triarylaminetriyl group. 

ADVANTAGE - (P) can be manufactured by many possible combinations 
with various organic electroluminescence materials and has high 
reliability. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To obtain an organic EL element which can be used in 
combination with many organic EL materials and electrode materials, 
undergoes little physical and chemical change and has high reliability by 
using a quinoxaline compound. 

SOLUTION: This element 1 is prepared by successively laying at least one 
organic compound layer containing a quinoxaline compound represented by the 
formula (wherein Qs, which may be the same or different from each other, 
are each a pyrazinyl group fused with a 0-2N six-membered aromatic ring, 
(n) is 2 or 3; L is an n-valent group; when (n) is 2, provided that when 
two Qs are quinoxalinyl groups, at least either one is a 2- or 
3-quinoxalinyl group; the six-membered aromatic ring of Q is a benzene 
ring, a pyridine ring, a pyrimidine ring or pyridazine ring; and L is an 
arenediyl group, an arenetriyl group, a nitrogen atom, a triarylaminetriyl 
group or the like), an anode 3, a hole injection and transport layer 4, a 
luminous layer 5, an electron injection and transport layer 6 and a cathode 
7 on a substrate 2. 
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H 


VIII-88 


-o- 


-Ph 


-N0 2 


H 


VIII-89 


-D- 


-Ph 


-CN 


H 


VIII-90 




-Ph 


-OPh 


H 


VIII-91 




-Hi 


-SCH, 


H 


VIII-92 


-o- 


-Ph 


-SPh 


H 
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iUVIII) 



No 

1 LOW nu. 


L. 


R 1 3 ~~R2 3 




rv t o = rv9 a 


VTTT-<n 

1i.il JO 


-O- 


-Ph 


-NH* 

lillZ 


H 


VII 1-94 


-o- 


-Ph 


-NH-Ph 


H 


VIII-95 


-o- 


-Ph 


-NPh* 


H 


VIII-96 


-o- 


-Ph 


-C00H 


H 


VIII-97 


-o- 


-Ph 




H 


VIII-98 
VIII-99 


XXX 


-Ph 
-Ph 


H 

CH* 


CH 3 
H 


VIII-100 


m 


-Ph 


CHs 


CH a 


VIII-101 




-Ph 


H 


CaHs 


VIII-102 


XIX 
XIX 


-Ph 


CaHs 


H 


VI 11-103 
VIII-104 


XXX 
XXX 


-Ph 
-Ph 


H 


CaHs 


VIII-105 


XXX 


-Ph 




H 


VIII-106 
VIII-107 
VIII-108 


XXX 
XXX 
XXX 


-Ph 
-Ph 
-Ph 


H 


H 


vm-109 


XXX 


-Ph 


Il-C4fi9 




vni-iio 


xxx 


-Ph 


H 


t~C4Hs 


VIII-111 

vm-112 


XXX 


-Ph 
-Ph 


K 


B 

t-— C-4H9 


VIII-113 


m 


-Ph 


t-CH» 




VIII-114 


XXX 


-Ph 


~OCH 3 


H 


VIII-U5 


XXX 


-Ph 


H 


-Ph 
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5£(VIII) 
*t£#I No. 



Ris a Rxs 



Ria-Rx 



HII-116 
VIII-117 

vin-118 

VII 1-119 

VIII-120 

VIII-121 

Vin-122 

VIII-123 

VIII-124 

VIII-125 

VIII-126 

VI I I- 127 

YIII-128 

VI 11-129 

VI 11-130 

VIII-131 

VIII-132 

VIII-133 

VIII-134 

VIII-135 

VIII-13& 

VIII-137 

VIII -138 



XXX 



m 

XXX 



XXX 



-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 



-Ph 
-Ph 
H 

1-WA- 

1- tm 

H 

z-tm 

H 

4-t'7j-'J* 
H 

3-tf7i='J* 
H 

2- fc'7x-';* 

CI 
-OH 
-N0 Z 
-CN 
-OPh 
-SOU 



H 

-Ph 
H 

1- *7ffr 

2- tm 
H 

H 

4-t7x-W 

3- t'7x^';* 
H 

3-fc7x-W 
H 

2-fc'7j^W 
H 
H 
H 
H 
H 
H 
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125 126 



It&fo No. 


L. 


RlJ=R*3 


Ris^Rzs 


Ria = R»» 


VIII-139 


XXX 


-Ph 


-SPh 


H 


VIII-140 


xxx 


-Ph 


-NHj 


H 


VIII-141 


XXX 


-Ph 


-NH-Ph 


H 


VIII-142 


XXX 


-Ph 


-NPh s 


H 


VIII-143 


xxx 


-Ph 


-C00H 


H 


VIII-144 


xxx 


-Ph 




H 
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it (IX) 
itm> No. 



IX- 1 
IX- 2 

IX- 3 

IX- 4 
IX- 5 

IX- 6 

IX- 7 
IX- * 

IX- 9 

IX- 10 
IX-ll 

IX-12 



A 
A 

A 



A 



•N- 



I 



I 

-N- 



I 

N- 



I 

N- 



I 

•N- 



R13-R23 



Ris=Ras 

=RaS 



Ris-Raa 

=R,. 



Rl T-Rl7 



Ri 8-R28 

= R3« 



H 
H 



-Ph 
-Ph 

-Ph 

H 
H 



-Ph 
-Ph 

-Ph 



H H 

Ri**R,»i:TO€» m 
R«tft*«,WO*> m 

m 

Ri»kRi.JrfOf> S3 

RasiJUeWWr/ & 

R»«i:Ra.W>e> Jl 
H H 

R.siRi^T^ & 

RisiR J8 it>ot> m 

R.siRa S tTyc^> ]g 

R, S iR,aW>t> 8 

H H 

R.aiR.aW/fr 
RaatRaatPOe' gl 
RssaUefcT^ m 

RasfcRa.fc?^ M 

H H 
RisfcRi.iTO*> S| 

RasfcRz.iT'Oft' & 

R^tR^iwo m 

RtsfcRi SI 
RastRa.W'&S' H 
R 3 »yt,«£T'C*> E8 



H H 

RiTiR.airpor/ ^ 
Ra70?»ain?O<r> ^ 

H H 



H 



H 



Rtraiiai:?^f? m 

RarMUaWy*} S 
H H 



H 



H 



RariRa.tt'OD & 

R»TiR 38 W«>t> m 
H H 



H H 

R.^R.atP^ JS 

Ra,iR a8 iT?'<>«y' IS 
Ra T yia«iT»C'« ^ 

H H 
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130 



it (IX) 



IX-13 



IX-14 



IX-15 



IX-16 



IX-17 



IX-18 



Rl3~R23 



Ri»-Ras 



Ri a-Raa 
= Rs« 



RlT - Rt7 

=R»» 



R|8 S R2S 



N 



Vn 



N 



Vn 



-N- 



H 



-Ph 



-Ph 



-Ph 



I R.sfcR. m 
RssfcRseWOO m 

' R, 6 tR,.i:T'Ofc' S5 
H H 



Ri S iR> 0 W€/ H 
R«£R 3 eWC*> S 

RasUfeeWy'tt B3 



H 



H H 



RiTfcR.aiT'O'f) m 

RsTfcR»»it<Hf> IS 
H H 



IX- 19 
IX-20 
IX-21 
IX-22 
IX-23 
IX-24 



A 
A 
A 
A 
A 
A 



Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 



H 

-Ph 
H 
H 
H 



H 
H 

-Ph 
H 
H 
H 



-Ph 
H 
H 
H 
CI 
-OH 



H 
H 
H 

-Ph 
H 
H 
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131 132 
__ _ _____ 

itttti No. U Ria^Ras Ris^b Rie'Rae Rit'Rzt Ris=R*a 

= Rs3 -Ras = Rae =Rst = Ras 



IX-25 -Ph H H -N0 t H 

IX-26 t -Ph H B -CN H 



IX-27 -Ph H H -OPh H 

IX-28 JL -Ph H H -SCB, H 



A 
A 
A 
A 
A 
A 

IX-34 -Ph H H -OCH 3 H 

IX-35 -Ph H H -COOT H 

IX-36 -Ph H H 2-&m H 



IX-29 -Ph H H -SPh H 

IX-30 -Ph H H -NH2 H 

IX-3I -Ph H H -MH-Ph H 

IX-32 -Ph H H -NPh H 

IX-33 1 -Ph H H CHa H 



IX-37 


1 

— N— 


-Ph 


H 


H 


-Ph 


H 


IX-38 


1 

— N— 


-Ph 


-Ph 


H 


H 


H 


IX-39 


1 

— N— 
1 


Ph 


H 


-Ph 


H 


H 


IX-40 


-Ph 


H 


H 


H 


-Ph 




— N — 












IX-41 


1 


-Ph 


R 


H 


a 


H 



— N — 
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133 134 

*t(IX) 

fko^^J No. L2 Ri3 = P.23 Ris=R2s Ri* = Ri« Rir^Rgr Ris-R2a 

= R*a = Ras =Ra« = Rtt = Raa 



IX-42 , -Ph H H -OH H 

— N— 

IX-43 , -Ph H H -NO* H 

— N — 

IX-44 , -Ph H H -CN H 

— N — 

IX- 45 , -Ph H H -OPh H 

— N — 

IX- 46 j -Ph H H -SCHa H 

— N— 

IX-47 f -Ph H H -SPh H 

— N — 

IX- 48 1 -Ph H H -NH, H 

— N— 

IX-49 1 -Ph H H -NH-Ph H 

— N— 

IX-50 J -Ph H H -NPh H 

— N— 

TX-51 , -Ph H H CHa H 

— N— 

IX-52 , -Ph H H -OCHa H 

— N — 

IX- 53 , -Ph H H -C00H H 

— N — 

IX- 54 j -Ph H H 2<m H 

— N — 



IX- 55 1 -Ph H H -Ph 



IX-56 i -Ph -Ph H 



IX-57 1 -Ph H -Ph 



IX-58 1 -Ph H H H -Ph 
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St (IX) 

fto#J No. lz Ria=R 2 3 Ris-Rib RisHRaa Rit-Rzt Ria-Rza 

~R*3 = Ra5 = Raa 3 Rsr =Raa 



IX-59 X -Ph H H CI 



IX-60 X -Pb H H -OH 



IX-61 X -Ph H H -NO» 



IX-62 X -Ph H H -CN 



IX-63 X -Ph H H -OPh H 

IX-64 X -Ph H H -SOU H 



-N- 

IX-65 X -Ph H H -SPh 



IX-66 X -Ph H H -NHi 



-N- 

IX-67 X -Ph H H -NH-Ph H 



-N- 

IX-68 -X -Ph B H -NPh II 



-N- 

IX-69 X. -Ph B H CH, 



-N- 

IX-70 X -Ph H H -OCH, H 
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137 138 

5* (IX) 

23 Rl» s R«6 Rl8-R*8 Rl7-R27 Rl d = R28 

~R»3 = Rs6 = Rsfl = Rs7 = R30 

IX-71 A -Ph H H -O0OH H 

IX-72 A -Ph H H H 
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SCOO 

-ft£$3 No. 



R> s=Rj3=R.is Ri «=R 3 ,=R 3 « Ri7=R 2 t=R»t Ri«=Raa=R3« 



X-l 
X-2 
X-3 
X-4 
X-5 

X-6 

X-7 

X-8 

X-9 

X-10 

X-ll 
X-12 
X-13 
X-14 



l 

— N — 



i 



N 



H 

-Ph 
H 

-Ph 
H 

-Ph 
H 
-Ph 



-Ph 

-Ph 
-Ph 
-Hi 
-Ph 



H 
H 
H 
H 
H 



H 
H 
H 
H 
M 



H 
H 
H 
H 
H 



RtafcRtT*? WDM 

Rae£Ra»fcT 



H 



-Ph 



RaeiR»7iT 

R H 



-Ph 



H 



CI 



fl 



-Ph 
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142 



item no. 



X-15 

X-16 

X-17 

X-18 

X-19 

X-20 

X-21 

X-22 

X-23 

X-24 

X-25 

X-26 

X-27 

X-28 

X-29 

X-30 



i 

— N — 



I 

-N- 



I 

-N- 



R|J~Rz3~R33 R|«-R*e = R3S RlT^ZT^RsT R|« a R28 3 R38 



-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
H 

-Ph 



H 
H 
H 
H 
H 



H 
H 
H 
H 
H 



-OH 
-NO* 
-CN 
-OPh 

-SCHa 

-SPh 
-NHa 
-NH-Ph 
-NPh, 
CHa 
-OCR, 
-C0OH 



H 
H 
H 
H 
H 



RaafcRaTW 

RaofcRariT 
-RaafcRaritf 

RaaiRaTW *WM 



H 
H 
H 
H 
B 
H 

H 
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144 



Rt 



RiT'Ra 7*^37 



Ria = R2a-R3a 



X-31 


t 


-Ph 


H 




■RiaiRi 






— N— 








Ra«fcRartt 
-RaofcRartt 


X-32 


1 

IN 


-Ph 


-Ph 




H 


u 

it 


X-33 


1 

N 


-Ph 


R 




-Ph 


u 

II 


X-34 


i 

N 


-Ph 


H 




H 




X-35 


i 

— — hi— > 

IN 


-Ph 


H 




CI 


II 

n 


X-36 


1 

IN 


-Ph 


H 


-OH 


If 


X-37 


1 

IN 


-Ph 


B 


-NOa 




X-38 


1 

N 


-Ph 


H 


-CN 


H 


X-39 


1 

IN 


-Ph 


H 


-OPh 


H 


X-40 


1 

— N — 


-Ph 


H 




SCH* 


.n 


X-41 


1 

— N — 


-Ph 


H 




•SPh 


H 


X-42 


1 

— _ IN 


-Ph 


H 




NHi 


if 
n 


X-43 


1 

— N — 


-Ph 


H 




NH-Ph 


H 


X-44 


1 

— M - 


-Ph 


H 




KPha 


H 


X-45 


| 

— N — 


-Ph 

ill 


R 

u 




CH 3 


H 


X-46 


1 

— N — 


-Ph 


H 


-0CH 3 


H 


X-47 


1 

— N — 


-Ph 


H 


-COOH 


H 


X-48 


1 

— N — 


-Ph 


H 




B 


X-49 




H 


f-Ri »i:R 






B 


























X-50 




-Ph 


rRiotRiTtt W®. 




H 








RiefcRa»fc? 










U,.W,ri:t -WIS 
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St(X) 

it-aWi No. U R l j=R 8 3=R»9 Ri»=Ra«=Rj» Ri7=R2»=R»» Ria-Rsa-ftas 

X-51 1 H H |-R,«fcR,r« O&M 

V Ra-fcRartt Of^S 

X-52 -Ph H j-R.eiR.rtt <3&m 

T» R,. 



Vn 



X-53 1 -Ph -Ph H H 



-N- 



X-S4 1 -Ph H -Ph H 



N 

X-55 I -Ph K S -Ph 



X-56 I -Ph H CI H 

X-57 1 -Ph H -OH H 

X-58 X "Ph H -NOz H 



-<>K>- 

X-59 L -Ph H -CN 



X-60 X -Ph E -OPh 



-N- 

X-61 1 -Ph H -SCH 3 



X-62 i -Ph H -SPh 



-N- 

X-63 I. -Ph H -NHa H 
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it&®} No. L 2 Ris=R2 3=R3 3 Rie'Rae'Raa Ri7 3 Ra*=R37 Rie^Ri^Roa 

X-64 i -Ph H -NH-Ph H 



-N- 

X-65 I -Ph H -NPh a 



X-66 I -Ph H CH, 



X-G7 i -Ph H -0CH 3 

V 

X-68 I -Ph H -COOH 



X-69 ] -Ph H 2-tW 



[0 118] 



[ft7 4] 



(76) #^¥9- 1 8 8 8 7 4 

149 150 

5£(XI) 

■{tcrfjj NO. L 2 Rl 3 = Rj3-R33 RlS = R25 = RaS Rl7 3 R27 = Ra7 R|« = R28 = R3B 



XI-1 
XI-2 
XI-3 
XI-4 

XI-5 

XI-S 

XI-7 

XI -8 

XI-9 

XI-10 



-O-A-Q- 



H 

-Ph 
H 
H 

-Ph 



-Ph 



-Ph 



K 
H 
H 
H 



H 
H 
H 
H 



H 
H 
H 
H 



Ri7fcR,.«Of}H 
R.rHli.WOe'BII 

R 2 7iR2.it'<^>^ 
R.7JrR« ttxwm 

R37iR 3 8iT?^>^ 
R27iR3aiT^t>^ 
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•ffccafe No. La Rt3-R23-R33 Ri* = R25 = R3s Ri T^Ra-r-Rar Rie^Raa-Rae 



XI-ll " Ph -Ph H H 

XI-12 W -Ph H -Ph H 



XI-13 -Ph H H -Ph 

XI-14 YV -Ph H CI H 



XI-15 -^p- -Ph H -OH H 

XI-16 "Ph H -NDa H 



XI-17 ^n^- -Ph H -CN H 

XI-18 YV "Ph H -OPh H 



XI-19 -Ph H -SCH, H 

XI-20 W "Ph H -SPh H 



XI-21 "Ph H -NH, H 

XI-22 W -Ph H -NH-Ph H 



XI-23 ^jj^f -Ph H -N-Ph 2 H 

XI-24 YY "Ph H CH a H 



XI-25 v Tfpr' -Ph H -(KB, H 

XI-26 VV "Ph H -C00H H 



XI-27 YY -Ph H H 
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5t(XI) 
<t&VH No. 



R» 3 ss R23'-R33 Rl 6 = R25 = R3B Rl7 3 R2T s R37 Ria~R28 = R38 



XI-28 
XI-29 

xr-3o 
xr-3i 

XI-32 

XI-33 

XI-34 

XI-35 

XI-36 

XI-37 

XI -38 

XI-39 

XI-40 

XI-41 

XI-42 

XI-43 

XI -44 



— N— 



— N— 



N— 



— N— 



— N— 



— N — 



— N — 



— N — 



I 

— N- 



— N— 



— N— 



— N— 



— N — 



— U — 
I 

— N— 



— N— 



— N — 



-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 



-Ph 
H 
H 
H 
H 
H 
H 
H 
H 
H 



H 
H 
H 
H 
H 
H 



H 

-Ph 

H 

CI 
-OH 
-N0 2 
-CN 
-OPh 
-SCH, 
-SPh 
-NH» 
-NH-Ph 
-N-Ph* 
CH 3 

-CCHa 

-COOH 



H 
H 

-Ph 
H 
H 
H 



H 
H 
H 
H 
fl 
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it£ffi\ No. U Ri»=Ri 3 =R 33 Ri5=R SB =R3s Rit=R 2 7=R3t R I8 =R»8=R38 



XI-45 X -Ph -Ph H H 

XI-4S L -Ph H -Ph H 



XI-47 L -Ph H H -Ph 



XI-48 L -Ph H CI H 

XI-49 1 -Ph H -OH H 



-Q-"-Q- 

XI-50 X . -Ph H -N0 2 H 



XI-5I X. -Ph H -CN 



N 

XI-52 -Ph H -OPh H 

XI-53 1, -Ph H -SCH, H 



-N- 

XI-54 Jv. -Ph H -SPh 



XI-55 X -Ph H -NH 2 



XI-56 ^ -Ph H -NH-Ph 

N 
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5£(XI) 

RlB^RzS^JS RlT=R27 =R 3 t R 



XI-57 


9 


-Ph 


H 


-N-Ph* 


H 


XI-58 


9 


-Ph 


H 


CHa 


H 


XI-59 




-Ph 


H 


-001, 


H 


XI-60 


9. 


-Ph 


H 


-C00H 


H 


XI-61 


9 


-Ph 


H 




H 
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ffca^J NO. Lz Rl3=R23 = R3S Rl8=R2« 3 R3a Ria-R28 = R38 



XH-i 




H 


H 


H 


xir-2 


i 


-Ph 


B 


H 


XII-3 


i 

— N— 


H 


H 


H 


XII-4 




H 


H 


H 


xn-5 

All J 


-O-x-O- 


-Ph 


H 


u 

11 


xrr-6 


A 


-Ph 


-Ph 


H 


XII-7 


A 


-Ph 


H 


-Ph 


XII-8 


A 


-Ph 


CI 


H 


X1I-9 


A 


-Ph 


-OH 


H 


XII-10 


A 


-Ph 


-N0 2 


H 


XII-11 


A 


-Ph 


-CN 


H 


XII-12 


A 


-Ph 


-OPh 


H 


XII-13 


A 


-Ph 


-SCH, 


H 


XII-14 


A 


-Ph 


-SPh 


H 


XII-15 


A 


-Ph 


-m 2 


H 


XII-16 


A 


-Ph 


-NH-Ph 


H 
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^(XII) 

Itaffi No. La Ri3=Raj=R 3 3 Rie=R28=R»e Rm=R28=R38 

XII-17 -Ph -N-Ph* H 

XII-18 -Ph CH 3 H 

XII-19 -Ph -OCH, H 

XI 1-20 -Ph -C00H H 

XII-21 1 -Ph 2-&m H 



XII-22 I -Ph -Ph H 

— N — 

XII-23 I -Ph H -Ph 

— N — 

XII-24 I -Ph CI H 

— N — 

XII-25 I -Ph -OH H 

— N — 

XII -26 I -Ph -NOz H 

— N— 

XII-27 I -Ph -CN H 

— N — 

XII-28 I -Ph -OPh H 

— N — 

XI I -29 I -Ph -SCH» H 

— N — 

X 11-30 I -Ph -SB. H 

— N — 

XII-31 I -Ph -NH* H 

— N — 

XII-32 I -Ph -NH-Ph H 

— N — 

XII-33 I -Ph -N-Ph* H 

— N — 

XII-34 -Ph CH, H 

XII-35 _\^_ -Ph -OCHa H 

XI 1-36 I, -Ph -COOH H 

XII-37 I, -Ph z-vm H 



[0 12 5] 
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(83) #B8¥9- 1 8 8 8 7 4 

163 164 

it (XII) ~ ~~~~ 

ffc^fft No. La R, a =R 2 »=R,, R.e=R».=R,a R«.=R a «=R aa 

XH-38 I -Ph -Ph H 
!) 



XII-39 I "Ph R -Ph 



XII-40 | -Ph CI 



XII-41 I -Ph -OH 



-o m -o- 

XII-42 | -Ph -N0 3 



XII-43 | -Ph -CN H 



Vn- 

XI 1-44 , ~ -Ph -OPh 



Vn- 

XII-45 ^ | ~ -Ph -SCH* 



XII-46 I -Ph -SPh 



-N- 

XII-47 ~ , " -Ph -NH 2 



-N- 

XII-48 ~ I " -Ph -NH-Ph 



XII-49 i W -Ph -N-Ph, 



XII-50 l -Ph CH, 



[0 12 6] 
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( 84 ) ftffl¥9 - 1 8 8 8 7 4 

165 166 

5$ (XII) 

itafy) No. l t Ri,=R 2S =R33 Ri8^2e=R» 9 Ri8=R*«»R 38 



XII -51 1 -Ph -OCR* 



XII-52 1 -Ph -C0OH 

9 

-N- 

xn-53 i -ph z-vm 



[0 12 7] 
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( 85 ) 
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5C(XIII) 
1t&® No. 



xnr-i 
xii r-2 

XIII-3 
XIII-4 
XIII-5 

XIII-6 

xni-7 

XIII-8 

XIII-9 

XIII-10 

XIII-11 

XIII-I2 



167 



I 



N 



N 



I 

N- 



i 



Vn 



168 



H 

-Ph 
H 

-Ph 
H 

-Ph 



-Ph 



-Ph 



-Ph 



H 
H 
H 
H 
H 



N 



Rs-rfcRuaiW?^ 

R.rfcRt.WyfyiS 
RjTtRj.W^iS 

RirtRisW^gl 
R^fcRjsWTf/IS 
R^fcRbatK^JS 

Ri7tR 18 i:^>I3 
R»7i:R aa iT»Ot'>iS 



H 
H 
H 
H 
H 



0 12 8] 



Ht8 4] 



(86) !{$gf}jp9- 1 8 8 8 7 4 

169 170 

5K(XIII) 

{t&%Z No. lz R 1S =R23=R33 Rit=R 2 t=Rj7 Ria=Ri»=R»s 



XIII-13 • i -Ph -Ph H 

XX 

XIII-14 I -Ph H -Ph 

XX 

XIII-15 I -Ph Q H 

XIII-16 I -Ph -OH H 

XX 

XIII-17 I -Ph -NOs M 

XX 

XIII-18 I -Ph -CN H 

XX 

XIII-19 1 -Ph -OPh H 

XIII-20 I -Ph -SCH* H 

XX 

XII 1-21 I -Ph -SPh H 

XX 

XII 1-22 I -Ph -NHa H 

XX 

XII 1-23 I -Ph -NH-Ph H 

XX 

XIII-24 \ -Ph -N-Pha H 
XX 

XIII-25 -Ph CH« H 

XIII-26 I -Ph -OCH3 H 

XX 

XII 1-27 1 -Ph -COOH H 



A 

XI 1 1-28 i -Ph 2-p;?* K 



[0 12 9] 
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( 87 ) - 1 8 8 8 7 4 
171 172 

5t(XI[I) 

it&ty NO. L.Z Rl3=R 25 =R 3 3 Rl7=RzT=R37 RlB=R 2 a=R3 8 

XII 1-29 -Ph -Ph H 

XIII-30 I -Ph H -Ph 

— N — 

XII 1^3 1 l -Ph CI H 

— N — 

XII I~32 \ -Ph -OH H 

— N — 

XII 1-33 j -Ph -N0 2 H 

— N — 

XIII-34 j -Ph -CN H 

— N— 

XIII-35 ( -Ph -OPh K 

— N— 

XIII-36 ( -Ph -SOU H 

— N — 

XIII~37 | -Ph -SPh H 

— N — 

XI 1 1-38 | -Ph -NHa H 

— N — 

XI 1 1-39 I -Ph -NH-Ph H 

— N — 

XI 11-40 | -Ph -N-Ph 2 H 

— N — 

XI 1 1-41 | -Ph CHa H 

— Nl — 

XIII-42 [ -Ph -GCH, H 

— N — 

XII 1-43 , -Ph -C0OH H 

— N — 

XII 1-44 , -Ph Z-Wfr H 

— M — 



[ 0 1 3 0] 
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( 88 ) &ffl¥-9- 1 8 8 8 7 4 
173 174 

5UXIII) 

XIII-45 ^ -Ph -Ph H 

-N- 



XIII-46 tfj) " Ph H _Ph 

J-N- 

XIII-47 A -Ph CI 



Vn 



XIII-48 -Ph -OH 



-N- 

XIII-49 ^ -Ph -MOa H 

-N- 

XIII-50 A -Ph -Of H 

XIII-51 A -Ph -OPh H 



-0- N -0- 

XIII-52 A -Ph -SCH, 



XII 1-53 A "Ph -SPh 



XIII-54 ^j) -Ph -NH* 



-N- 

XIII-55 ^ -Ph -NH-Ph 



-N- 

XIII-56 A -Ph -N-Ph, 



-N- 

XIII-57 A "Ph CH, 



N 



[0131] 



Hfc8 7] 



( 89 ) iftggspg- 1 8 8 8 7 4 
175 176 

5MXIID 

it&fy) No. U R ia =R23=Rs3 R 1 t=R 8 7=Rj7 Rie'Rx.'Raa 



XIII-58 A -Ph -OCH, 



XII 1-59 Js. -ph -C00H 



XIII-60 -Ph 



[0 13 2] 
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( 90 ) ftffl¥. 9 - 1 8 8 8 7 4 

177 178 

St (XIV) 

it-aVl) No. La Rij=R 2 3"Rj» R.s=R2s=Rss Ria-RaB-Raa 



XIV-1 H H H 

XIV-2 YY -Ph H H 



XIV-3 | H H H 

— N— 

XIV-4 _n— -Ph H H 

XIV-5 i H H H 



XIV-6 I -Ph -Ph H 

XX 

XIY-7 I -Ph H -Ph 

XX 

XIV-8 i -Ph CI H 

XX 

XIV-9 i -Ph -OH H 

XIV-10 I -Ph -NO* H 

XIV-11 I -Ph -CN H 

XIV-12 1 -Ph -OPh H 

XIV-13 l -Ph -SCHj H 

xx 

XIV-14 t -Ph -SPh H 

XIV-15 I -Ph -NHa H 

XX 

XIV-16 I -Ph -NH-Ph H 

XIV-17 1 -Ph -N-Pha H 



[0 13 3] 



UtS 9] 



( 91 ) !£gf]¥9- 1 8 8 8 7 4 

179 180 

iC(XIV) 

'ftca^iJ No. Lz Rt3=R2»=Ra3 Ru-Ras^Ras Ria = Rzs = R3 8 



A 
A 

XIV-21 X -Ph 



XIV-22 I -Ph 

— N — 

XIV-23 I -Ph 

— N— 

XIV-24 I -Ph 

— N — 

XIV-25 I -Ph 

— N— 

XIV-26 I -Ph 

— N— 

XIV-27 I -Ph 

— N— 

XIV-28 I -Ph 

— N— 

XIV-29 I -Ph 

— IM— 

XIV-30 I -Ph 

— N — 

XIV-31 I -Ph 

— N — 

XIV -32 ! -Ph 

— N — 

XIV -33 I -Ph 

— N — 

XIV-34 I -Ph 

— N— 

XIV-35 I -Ph 

— N — 

XIV- 3 6 I -Ph 

— N— 

XIV-37 I -Ph 

— N— 



CH, 


H 


-0CH s 


H 


-C00H 


H 


z-vm 


H 


-Ph 


H 


H 


-Ph 


CI 


H 


-OH 


H 


-NO, 


H 


-CN 


H 


-OPh 


H 


-SCH» 


H 


-SPh 


H 


-NHi 


H 


-NH-Ph 


H 


n rn.2 


n 
n 


CH, 


H 


-OCH, 


H 


-C00H 


H 


2-PJ7* 


K 



[0 13 4] 



[£9 0] 



( 92 ) ^ggspg- 1 8 8 8 7 4 
181 182 

5*;(xiv) 

{tattl No. La Ri3=Ris=R 3 s Ri5=R»5*Rss R| 9 =Ra8=Rsa 

XIV-38 A -Ph -Ph H 

XIV-39 A -Ph H -Ph 



hQ-n-O- 

XIV-40 -Ph CI 



-N- 

XIV-41 A "Ph -OH 



-N- 

XIV-42 A -Ph -NO* 



W 

XIV-43 >s -Ph -CN 



XIV-44 A -Ph -OPh 



XIV-45 ^ -Ph -SCH, 



-N- 

XIV-46 A 'Ph -SPh 



-N 

XIV-47 A -ph -NHa 

XIV-45 -Ph -NH-Ph 



-N- 

XIV-49 ^jj -Ph -N-Ph, 



-N- 

XIV-50 A "Ph CH, 



10 13 5] 



Ut9 1] 



183 



( 93 ) 



#6§?9- 1 8 8 8 7 4 
184 



5UXIV) 

It&fo No. 1.2 



Rl 3 = R*3-R3 3 



Rl5 = R25 a R3 5 



R| » s Rs8 B Ra8 



XIV-51 



XIV-52 



XIV-53 



6 



N 



-Ph 



-Ph 



-Ph 



-OCH, 



-COOH 



2-Wk 



[0 13 6] c^i^^y+fJ^b^ttll 
(1) V>T$./1>-V> J $>*<Dmm&. yJSytUy 

*t£#l£*g-&L/tSL 1, 5 -->^n:*^>>x>^CD 

T^m. (3) ex^ys ><t^<t>^h>(t^) 
&m-£iTZ>Jjm. (4) xX*t*©ti4IKil;^iS 

[0 13 7] C©J;3tCLX#^n^t^tt, Tciftfr 

mm»m. mnmw^^ v)i <ir) > 'hj 

£tt' ' C&EB«#«X^ (NMR) SflCioT 
(BUTT* -5 <■ 

[0138] ^fgHjictitts* /*+mj y.mt^mt. 

wm.CO^\Z. »^15 0 0~2 0 0 OiK. 2 5 0- 
5 0 0 < CC5iS*[$:^rL. 9 0~2 0 0t)O^7XW 
ft (Tg) ^^-T. ^1©^. ®^©*^*^FtcJ;D 

[0 13 9]*^©t8SELSfll IS 
<5*Ht^iSfl, '>ft < <»: *> l lowSHb^Ul 

5fiEL$f 1 ttS«2±tCf^S3. iE?L 



20 [0 14 0] %7t®««^tiE7L<DaAi5«k^^ * 
L Tif <h IE JL £ CD (3 «fc 0 SRSJt © « £ Jf«T 
«ft#oTH*. IE7LaA$iiil««l^@^t.CDiE?LCDa 

^e*^cDIE7LcoftA^K»^. 5!7t^*^JiAS-a--5 
I15tt5. «^&A*fti2tJI. IE7LftA^MS«^n 

30 <A££<bt>T*#£., *it%^S^iE7LaA^)it^. * 
^ttASIiiatgcov^-rtl^W^tg^^r-r^^^^tt. IE 

^W&<TJ;tA. IE?L&AISMJi*<fcWjP&A 
^n^*a&A$fi££WT*S<!:iSiS$&tE£W 

[0 14 1] £fc> f£^«^>iE7L^i2IB. m^SASco 

[0142] mmELm^zm^znzmmit&m^n 
50 RH-c$«fcae>. ©@ - Jg^^cois:if-ics®co^t:-&®j 



( 94 

185 

[0 14 3] #fgwc:fctt.5*y*-9-'j ymt^mtm. 
ten^&xm. m^mmm. n^mma^mizmi^ 

m&SZ&ATZ Z. £T*IE?l&Aiiii2!Jf icffl^S £ <h 

[0144] *ftwiz$>vz*s*w >mt&w&n 

AJltiETLiitiMJf <!: izWcmifZig&lZte, -Y *>|L 
S^S^fiT^t^^.t^Tf, ^SitCD'J-^^^ 20 
[0 14 5] Sfc. z\<Dm&o)mytm\zit, = + y 

£tz%xmiz\t. ^YU^p-ysy. )\,-jvytt.E 
h j $>5£%<D-g t mmttf»imzi3.z>. zziz&ytmizm^ 30 

[oi4 6] ^^{cfeits^/^-y-u>^t^^m 

3£Bj§©*/-*-y-u ymtSto&mT&xmizm^zmfi 
^zm-&\z\tm z J L iZAmm<Dit£®i&&mELm<t&m 

LU. £fc*?gBSe>fc^3£, ±ffi<D^^ttABffl©{t 



) #P8¥9 - 1 8 8 8 7 4 

186 

K^-Stf. Itl 0~9 0wt« frtltfiV*. 
[0 14 7] £ «E> fC#3£BJ?Tti. iffiO^TfeSlCfflUt, 

n&it&yi turnouts® t £*g£ lh^ aAi^Mtt 
v>mmiz*,j:z>tf. iiso. i~9 9. 9wt% t-rs^ 

t*WtL<- ££{C$f£ L<tel 0-9 9. 9wt*<t 
[0 1 4 8] *SgBjTtt. *&H<Dfl:£4ft&&tt«Mt 

mytttPt) t:vx^^tm\zm^z.ii%sim.-Q$>^> 

-hlBWIE7LaA^SH4<t-&#)t#ffiTS Z ttf-CZZ. 

mum AmmtG® t&m?z>®-£;\tztitm&Ltc 
i»R3W*n«. m^aA^its^^gifflijjc^its z. 1 *> 

WffiT'feS. S^IC5! 7 t«(C*5UT« : faA*itjll^t-& 
•So CCD^-g-CO^BJ^-fb^SttO. lwtX 

s. 

[0 14 9] ^MTIi, IE31&A$6i§tt{fc£#l<i:«^ 

*vv>%it&mt~f&izmT&AW£&tf&^(»T% 

«^&A$ljttt*t^<hLTfflUSC9rtW3; LU**. •fb 
^t&K: J:-pT«IEjFLaA^2l'tt<k-&^t LTfcfflUS C 

i-'JTSg^=^^U7^i!lSS:#ltLT^-r S. 

juzAm%mtt>Ma>mmtt& 1/99-99/11 

K. 10/90 — 90/1 OiK, #tCtt4 0 

/6 0-6 0/4 onatfesioic-r-s. 

[0 15 0] £&]E?U$A4ft2ittft;£«K «^ttA^2l 

^■n^ni aa-et>2a««±ffluTt> c fc 

©H-^Mtt^BcDO. 1 — 99. 9wtX SSt-r 
-5. 

[0151] ^Bjici5tt2>^y^-y-u>*'ft^tt^ 
o>mm\z£-?TiEii&AmmmKm^z> z. t *>pim-e& 
•5. zwrn-smzmo* >mt&® iDMg 
-5 ufi|5iaStf>i£S ^ritom^S icffl un 
tfctti. *5!BjT«iETLiiA^jitB. S^aA^iiH* 
fc*5§B^«+ j ^ ij > »^4S> £ ffl U S d <h feT-^ 
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187 

[0152] &*5. ±iatci5^T. 
\z. *5£W\z$>tfz>*rj*w>mt£;Vi*\ i -7Wt 

[0153] ?t%m. jEnaxmmm. mTttxmmm 

[0 15 4] &m<Dma\zMi<T\mizmig.2n-r. m 
^z>&mit&®<D¥f& j $>Mi&mz£r)mtiZ>*^ m®, 

5- 1 0 0 Onmgg?, #IC 8 ~ 2 0 OnmtT'S Z. trftif 

[oi5 5] sEiuzAffimm. m?&Amxkmo>mm 
\t. ttft<D¥f& j $>m?<DmM&mz&-oTmtzz>&. ^ 
ytmomis tmrnm^L <«i/i o~i omtt 

n&xmii&immnz5mz>m-£\zit. &\m\tinm&L 20 

OnmJIg, f&MJlTl 0 0 

[0 15 6] »B<t»tbT»i. ftVMKCD^S^. L 
i, Na, Mg, Al, Ag, In, Ca^, $>Z>Wt 

dti^o^i^tti&i^ffli^it^Tts. cine. 

OHttiHK>^9 ^fe^t J: Z\izW 
If ttlt 1 0 ~ 1 0 O Oratt^C tdW $t 

[0 15 7] UltLTH tt*KgcCDA-£^&B, 30 

t^-s. tztsftyt&mi&Tztc&iz. h-mcommamm 
j§m (8 0%&L±i)W&L^) &m*2itz»&&&& 

-5. m#&ttzttfttLTlt. I TO, SnO, , Ni, 
Au, Pt. Pd. mfc&&ft?%f&m^Z>Z.i:WTg 

1 0~3 0Q/ Dg* (ffi^5~l OQ/ □) OfeOdt 
$?£L<. l&JPtel 0~5 0 0nm©fc<£>£Wi:b^. 40 

[0158] n&mmo&mtm^zit&m^&mo® 

ttiCiO^-r^di. 1 O 'Torr^TT. 0. l~lnm 

mtin&m&fT%.ii* &m<D^-m^<oH, o, o, ts.a<r> 
i^ic^cD{b-&^^w$-a-^^&Jc«. fc^&SrA 



188 



[0 15 9] S«*mtCft?JEBttft^*<, 0 1 tCiS^Tfct 

s«<&w> e>#£i& o m-rtzef)\z^^^mmm^mm 
ttn&m^z. &mz^&wti.tm$:m^z>®-£\zim 
i (ommm^mzv-ri'bA^o satm 

[oi6 0] fp«!$njt^r«gELm^fi2~2 ov mm 
a*, mmiz&v/vuxmm. 3zmmm$t*m^2>z\t>$> 

[0 16 1] 

[0162] <^fi&0<J 1 > 

mmit^mm - 1 

*J\,h73i — l'>i?T5.>l.20g (ll.lmmol)t4-^DD 
>"*>VAf;W.45g (lO.OmmonSrX^/-;!^, ^eftS 

fiS£H©2- (4- ^DD7i - ;w -3-7 x - / +-9- u 
>£l.40g £*§fc„ ^tCt*X(l,5- ->i7D^"i7^i/X 
» ny^r;KNi(Cod),)0.79g (2. 88mmol), 2,2'- tftf 
Uv>0.45g (2.88ininol)> \,S-i/{?n*99i?X.>lul 
^^tTN.N-^^^^^UAT 5 Kjg&(50inl) trAr^ffl^ 
TTPKb, 2-(4- i7DD7iZf)-3-7i-W/ + 
U-U>1.40g £im*60 , CT24l$ffi*#L;fc. 

ym^mmzm i^t -> u * 5 a ^ n v h 9 

~? 4 - £fTV>4, 4' - fx (3- y^~)i=^y^u>-2- 
-iM t*7xx;n.00g<Dafe^S*»fc. ^^nfc^b 
vxx^ h;i/, ^n^Kitstx^.^ hJK NM 

VXX^J m/e = 5 6 2 (M' ) 

m9vm%iW.z.'<t7h)i> 02 

[0 16 3] <-&fi£0)J2> 
g[gjb^m -56 <D^rfL 

l,2-z?7S.;-f7?U>2.0Qg (12, 7mmol), HDDy 
'Ol/<;i^2.50g (10. 2mmol)£li§C£K;;. -&^J1W*S 
^ffltiT-^ricLfc. ^^nfcfk^«, 7XX^^ h 

Hi, m/e = 6 6 2 (M* ) 

^^©tXX<^ h)l- 0 4 

NMRX^^h^U 05 
[0 16 4] <£fi£#J3> 

3,4-^75/ tf'J^>1.17g (10.8nmiol), 4,4'- b'X( 
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189 



190 



7i-^'J*+*P-1' M fc*:7xx;H.50g (3.6mmo 

Th^^7^-{cJ:DttB!L.I.20g ©Stfe;8,I|£#fc < , 
[0 16 5] <-&J&0iJ4> 

gy^ffr&^iv- 1 

2,3'- y75y tf'J7>0.60g (2. 39mmol), 4, 4' -fc*X ( 
7xz;|/yj^ito-i'^) e7i-;i/0.78g (1.87mmo 10 

L7c. 

[0 16 6] <-&/&0iJ5> 
gi]^lb^#3Vl- lO^ 

4,5-775; fcf'J5 7>1.19g (10. 8mmol), 4, 4' -k*X ( 
7x.=. J^Ut+D-D-fjW h*7ac-;H.50g (3.6mmo 

[0167] <-&jE&0«J 6 > 
M^t^mil -4 8C^ 20 
4-7 h*7:i\>H-:7:rXl'7775>1.25g (9. 06mmol) 
t4-^bn^>^-f;U2.00g (8. 17mmol)£f» 

[0168] <^fi£0ij 7 > 

gy^-fb-a-ifri n-58 cp-a-^ 

9,10- 775/ 7it> hl/>2.00g (9.62mmol),4- 9 
UDy'C>>/'f;K9. 59mmo 1 ) £ ffl I > Jifc0i| 1 ® 7j ?£ £ 

y'JAyM^AJ'D? hif^y *< -<Dtf.fr Dlz&m%i 
«ffi&JH^&. Isl^teVXX^ IR, NMRIC 30 

[0 16 9] <-&fi£0SJ8> 
tggjb^Hj -5 7 

2.3- V7S /^-7^W>2.00g (12. 7mmol>. 4-?PDy 

JW.SOg (10.2mmol)$-^{C, -&^«s| 1 ©7jJ* 

[0170] <-&j&0!| 9 > 
gjgjb^Hj -3 

3.4- 775/ h;PX>1.20g (9. 80mmol) <h4-£r n D 7^ 
> % >-f*2.00g (8.16mmol)SrS*4tC. -&^J 1 CD7j&* 40 

[0171] <&l&m 1 0 > 
ft]^fts£^Il 1-62 <7)&fi£ 

1,2-77= / t*7xXJH.35g (7.34mmol)£;4-£7 0D7 
^7>/-fJH.50g (6. 12mmol)*J^»lC. £-fi£#J 1 ©7jJ* 

[0 17 2] <^fi£0ijll > 

^h7irl/>-775>l.l4g (10.5mmol)<h4,4'- t* 
X( 7jrX^^'J*+-y-n-r;l/) ^7-fc?71.5g (4.39mm 50 



ol) £J^|SMc-&fi£{*J3<D7jffi£ffl^T^£U l^#{C|5| 

[0173] 1 2 > 

ffj^-fb£-%)l II - 1 5 9 (Diiif$. 

1, 2-77 5 ;i-y5>U>\.66g (10. 5mmol) 4'- fc:X 
( 7irMiJ^+)-D-fJW ^7-fcf7l.5 g (4.39mmo 
D*^{C^0iJ3©77ffi^ffl^T^L,. 

[0 17 4] <-&j£0ill 3> 
gjgjb^IVz 2QM 

2,3-775 7 fcTU 771. 14g (10. 5mmol) £4' - h:X( 7 
i-^yW+itD-fJM ^7-fcf71.5 g (4.39mmol)£ 

[0 17 5] <£;s£0ijl 4> 

ffj^-fb&^v - 2 CP-a-j& 

2,3-77 5 7 fcf'J 771. 14g (10. 5mmol) iz4' - fc?X( 7 
i-MiJt+D-D-fiW ^7-t?71.5g (4.39mmol)£ 
^(C^fiJc^J3W7jffi^ffl^T^L. 
fc. 

[0 17 6] <^J5£^J1 5> 

4,5-775 7 If U 5 771. 12g(10. 5mmol) £4'- t'X( 
7xx;i/^'J^itD<;U) ^>t*>1.5 g (4.39mmol) 

[0 17 7] ^(C*J£««l*5J:^Jtfe0iJ^^-r. 
[0 1 7 8] <Hi£#ll>JP£l00nm <?> I TOlifi 
(SMI) ^t5«7Xl«. tfttgfe^J. 71rh7. 
X*7-*£m>Tj8^fcifei*U fSMtt /-)V*if» 

T. 1 X10-«Torr*T«)EELfc. ^CtC. N, N' - 77i" 
;i/-N, N' -m- h 'J JI/-4, 4'-775/-l,l'-lf7i^ (T 
P D 1 ) £mr5SS0. 2nm/sec T50nm©JP£ iC^* U 
jEaaA^iHStLfe. 9,9', 10, lO'-^h^ (p- 

h'j;W -2,2 , -77 7h5-tr7£j5li»&ft0.2nra/sec T 
50nm©jP^Jc^»t, m^&Aftl 
2IJf<hLT. 1 COft^dll-l) £j&»itgE0. 2n 

m/sec T10nmco»StC^»Lfc. Mg/Ag 

(MSJtlO/1) ZmmmmO. 2nm/sec T200nm ©ff^lC 
3&»LT|g®<i:L*r«EL^£*tfc a £©*f*8|EL5jl 
^Icmffi^EntlOUTmSSSrSSTt. 16V . 650mA/cm' If 
16250cd/m l W»fe«^^^«Sl^$nfc. gB##J#fg3tgB 

»©ai^*i«tafj5feg«^.e»n-r. «g©^J8«iomA/c 

m'(D^mtSIKl!)-C50»#P B lT^ofc. JW±CDMIf^tt, 

[0 17 9] <*Jg0(l2>P$lOOnm CD I TOgBJti 
(MS) "fttift^J. 7th>, 
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T. 1 XlO'TorrSTiSJELifc. XilZ. (ft7i 
>-2,5- £ I Onm© J? £1C?£#U jEH&xmt 

Lfz. AlZ. N, N' - y7irjP-N,N'-B4'J;K4'-y 
75AI,l'-f7i-^ (TPD1) £^»j§g0.2nm/ 
sec T50nm<DjP${C^«L, lETLSwiUS <*: L fc. ^IC. 
9,9', 10, 10' -T- (p-MUU) -2,2'-^7>h7t> 
£^*i*ft0. 2nm/sec T50nmOjp$(C^^L. 58:)£Jf <h 

£^»iigf0. 2nm/sec TlOnnKDJP^lC^SLfc. 2 5 
tC» Mg/Ag (MitlO/1) £^»j£ft0. 2nm/sec T 10 
200nm «iP$(3^»LT^®t L-W&E L^^#fc„ 
^CDW«IEL^tcmJI<£EniDLT«gg$rgit-ri:, 12V 
. 850mA/cm' T21200cd/m' <DWfi<Dfi!3t#«tfg£n 
fco jB^^CO ^jgE^a OmA/cm 1 CD^«fft^»T80^Po^T-* 

[0 18 0] <I^SS0iJ3>fg7t«*-tr*Jlife^2 
K«S Lfc&. flfom 1 K>rt;£tf£^»»g0. 2nm/sec 
T*20nin©Jit 3 KH3»U ^gjStJIt L7c. - MJ 20 

X f-) j r )US.=-O2±&l0nm<DmZlzM 

*U f^ttAItLfc. SSlC. Mg/Ag (SSit 
10/1) ^*jg^0. 2nm/sec T200nm <Dm£\zMmLT 
^ffi<hbW«EL^S:#fc. ^©^«ELST»cmBE 
^BJftlbTSaS^Sg-ri. I IV , 750mA/cm' T;18000cd/ 

&<}:Zff$.&\t$t£>n-r. ff «©¥MJ^3l OmA/cm' ©5ttt 

[0 18 1] <*^fiM4>iE?L^i@leT♦^b«.N,N , - 30 
x - N' -m- h U JW-4, 4' -> - 7 5 7-1, 1' - 1*7 

(tpdi) &nmw iimmizmmvfzm. 9,9\to, 
KDit&yit&i i©«-& caatt) -zmmmmo.zn 

m/sec T20nm©IP${C, «^»bfc. #ClC, ffftAi 

tz. Mg/Ag (Mgjtio/D &mmmmo.2n 

m/sec Tr200niD »ff$(C^«LT^@i:L*r^EL^ 
d©W«&EL^CSJE£WDDLTSSSE€:fft-r 
11V . 750mA/cm' T21750cd/m' ©ltfe©f£ftat«§g 40 
Stlfc. OmA/cm' ©^«£ffiS)X250 PS 

[0182] <mmm 5 >**«-2 tlSISnciEJlJSlMiJf 
T&-5N, N' - y7i-JH, N' -m- h U ;i/-4, 4' -~JT 5 y 
-l.r-K7i^ (TPDI) £«JlL;fc^ 
©ffc€r#i£. 1I^ftA$i&i£Jf £«etefc%^£LT0.2n 
m/sec X50nm^#Lfc. 5 SIC, Mg/Ag (fiftfcfclO 
/I) £3&^&S0. 2nm/sec T200nm ©JP3»C^LT|i£ 50 
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S<tL*r«BEL5Sf^£*ifc. ^©WtSEL^tcmJE^ 
WUaLTmffi.&ffi-r <h, 15V . 500mA/cm' -ei5000cd/m' 
©^fe©587£#$l§S£*l/c. «g©¥M»!tel OmA/cm' <D 

?g*sstig»moo mr$T-$>^>tz. u±<Dmmz. n&w. 

[0 18 3] <mmw6>mmAW&mc>tim\z'&f$. 
0ij3©^-&^i(v-i) zm^tzmtt. nmm2 tmmzi, 
TmmELm^&ftMLtz. cw^r&ELssmcmEES: 

EPJDLTmSi£*gitTt, 1 IV . 800mA/cm' T20000cd/m' 
©#&©5g;)t#ii8ig£n/c. «gO OmA/cm' <D 

^mssisiftTi5o mm-c^rzo u±<Dmmt, n&vt 
**«&rfc. -r^Tmmftizftitz. 
[oi8 4] <mmw7>5£ytm&£ztm?&Ammm 
o>ttm\z&f&M3(Dit'&v>}&m\<>tzm\t.. mmm4 
^tdUTW^EL^ *ftmvfz. zommELm^z 

HJESrBlJlDbTttiiftSrgSt-rt, 9V. 600mA/cm' T18200c 

d/m' (DfteKDKmmm-zntz. mm<z>*mmmomA/c 

[0 18 5] <l^m>f£ft«©#»lc£-(£0iJ3©fc 

f>#>£ffi v^/effifi. HJS^J5t(5|^{cb-r^rtiEL*T 

^f^Sfbfc. d©*fi8ELm^{C^)E^EPJDLT«dit* 
SSTt. 12V , 625mA/cm' -ri6000cd/m' 0>^-|/>>'fe<D 

m-x:*omfflT~&r>fzo m±<Dmmt. n&&mzm*>-? 
(c. T^rmmmzn-ofz. 
[oi8 6] <mmw9>nTtZAmxkmc>ttmiz-£!$. 
m 5 (Dit&mm-iy&m^tzmt. $mm2 iisi^icL 

TtlELgf^aLfc. d^WtSEL^tcBlE^ 
EfUtaLT^gtSrSit-rt, 13V . 700mA/cm' T20000cd/m' 
V>m&<D5tyt1immzntzo W«©*«»3(il0mA/cm'CD 

[0 18 7] <$mmi oymTffi&moyttmz&i&m 
svik&yizmwzmz. ^mm3 tmmizLTmmE 

LSlf^KUfc. ^©#«8EL^IC*)E*EPi)0bT 
ttSt^IiftTi:. 10V , 500mA/cm' T15000cd/m' 

ftyttfmmzntz. mm(o^mmmom^/cm , ay^mmm 
»n?25o nr^-Qh-otz. 

[oi8 8] <mmm 1 1 >&ytm&&zfm?&AWM 
mcDttmz<£f$.m 5 ©in^sffl wzm\*. mmm 4 1 

f»I«|{CLTWttlELm^^fP®!tfc. CCfiEL^ 
»C*EE*9JJinL.T«9it*85-rt. 9V, 625mA/cm' T1750 

ocd/m' e>n&<D%yt&mmt<ntz. m%mm?tm>ft<D 

tU,m&£Ztf&&it&*>n-r. »S<O#M»i«10mA/cm' <D 
^mSSK»T600 BSF B 1-tfabofc„ W±©glfPtt, 

[0 18 9] <*J6M1 2>^^®««4lC^fiK^J5CI> 

^•&^*fflv^7cte«, mt&ms tm&uzisT&mELm 

1-^Wm.Vtz. dOWtgEL^IC^ffi^EPJllLTSSS 
$rg5-rt, 13V . 625mA/cm' T15000cd/m' 



( 98 ) 



9-188874 
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[0 19 0] <itfe0U>Jf5£lOOnin ©ITO&BJ^ffi 

T. 1 xlO«Torr^T«JELfc, &\Z. #U (ft7x 
>-2, 5 -3M" ;W £lOnmCD/P;SlC^*U iETLSA 10 
ItL-fc. N.N'- y7i-JH,lf -m- h 'J JI/-4, 

4'-y75y-l,r-f7i^ (TPD1) 
0. 2niD/sec T50nm(DP$ U ]E?L«l2IB i: Lfc. 
^{C. 9, 9', 10, 10' -^h 5- <p-Mj;W -2,2'-i?7>h 
7-fe>*^»^S0.2nm/sec T50nmCDJ^$ U 
ftStLfc. i^ftAilitbT. MJX (8 

-*y»J^— h) 7;P$-^A£j&*>Sg0.2iiD>/sec Tf 
10nm(D^$ir|g*Lfc. 3 Mg/Ag (MtfclO 
/l) £5&»^g0. 2nm/sec -C=200nm <DJP3 KJgi»UT^ 
ffi«hL*r«8EL3SlT£*§£:. ^©^EL^lcmff* 20 
WllQVTmm&ffiTt. 14V . SOOmA/cm' T9600cd/m ! 

[0 19 1] <fcfc<R0iJ2>9, 9' , 10, 10' -f 
Y=7 (p-h'JJI/) -2-2' ->*7>h7t>©^ 
BSTSrit^Jl &Hflt£fl*gUfc&. 2, 2* -3, 
3' -rh77i^-6, 6' -5?*/ *iJ-'J >£g£ 
3*3*0 . 2nm/secTl OnmcOiS${C^»bfc„ $6 
IC, Mg/Ag (SSJtlO/l) &mmmmo. 2nm 1 
/sect?2 0 OnmV>mZ\zMmVTfemiiL. t«ELi 30 2 

f<t, 13 V. 6 0 OmA/cm'Tl 8 0 0 Ocd/m' 4 

WfSftTWilgSnZt. 1 OmA/cn'^mfig-e^aiUfct 5 

Z\*> 1 Ofl^T'J— ^*5£ofc<, 6 

[0 19 2] J^±<OHSS«»Jt^bfcJ;^IC. ^ft**** 7 



(r ^Tli. 9, 9', 10, 10' -^h 7 (p-h'JJU) -2,2'- 

m$nzmisT*%tzmttf&*>titz. 
S) Jcfi, m*te¥f&Zt$^fz0%\z&<<Dfcti®>tfm 

[0 19 3] 

fc. i4 Of iE LM§ tffi^btlffll^ C td< 

[Hs<z>jB¥£ci!t?i] 

[01] *%9!®#ttEL^cr>lOT&Kr{ftj£Br?& 

*ty77T*5. 

[04] *X«Td£Ufcft:£4b®3!*ft«&ftX'<£r b 

;i'S*ti'7 7TS5. 

[05] #^BJJT^l£Lfcfc^0>NMRX^;> b)l$: 

ii"y77TS5. 

[^F^CDUiBJ] 
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